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SZHf^*?. B UHD P. D6KHK HEUTBLLUNO UND DERBN VBtWENDUNG A14 CYTOOT>it*S8 



Die vorliegende Brfindung b«trif£t Bpothilone C, D, B und P, 
derea Heretellung eowie derea Vervendung :ur Heretellung von 
therapeutiechen Mitteln und Mitteln fur den Pflanzenschutz . 



Bpothilone C und 0 



Gemafi einer Ausfuhrungsfom betrifft die Brfindung Bpothilone [C 
und 0] , die dadureh gewinnbar eind. daft man 

(a) Sorangium cellulosua OSM 6773 in Gegenvart einee Adaorber- 
harzea in an aieh bekannter tfeiae kultiviert, 

(b) das Adsorberharz von der Kultur abtrennt und mit einem 
Waeser/Methanol-Oemiach viecht, 

(c) das gewaachene Adsorberharz mit Methv* \ sluit. :• und daa 
Bluat zu einem Rohextrakt einengt, . 
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(d) das gewonnene Konzentrat mit Ethylacetat extrahiert, den 
Extrakt einengt und zwischen Methanol und Hexan verteilt, 

(e) die methanolische Phase zu einem Raffinat einengt und das 
Konzentrat an einer Sephadex-S&ule fraktioniert, 

(£) eine Praktion mit Stof fwechaelprodukten des eingesetzten 
Mikroorganieraus gewinnt, 

(g) die gewonnene Praktion an einer C18-Umkehrpha»e mir einem 
Methanol/Wasser-Gemisch chroma tographiert und in zeitlicher 
Reihenfolge 

- nach einer ere ten Praktion mit Bpothilon A und 

- einer zweiten Praktion mit Epothion B 

* eine dritte Praktion mit einem ersten weiteren 'Bpothilon und 

- eine vierte Praktion mit einem zweiten ' weiteren Bpothilon ge- 
winnt und 

(hi) und das Bpothilon der ersten weiteren Praktion und/oder 
(h2) das Bpothilon der zweiten weiteren Fraktion isoliert. 

X 

Femer betrif ft die Erfindung ein Bpothilon [C] der Suramenforraal 
C 26 H 39 N0 5 S ' gekennzeichnet durch das 1 H- und 13 C-NMR-Spektrum 
gemifi Tabelle 1. 

Perner betrif ft die Erfindung Bpothilon C der Pormel: 




Bpothilon C R » H 



j 

■ 
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Ferner betrifft die Erfindung Epothilon (OJ der Suraroenformel 
C27H41NO5S, geJcennzeichnet durch das X H- und l3 C-NMR-Spektrura 
gemAfl Tabelle 1. 

Ferner betrifft die Erfindung Epothilon D der Forrael: 




Epothilon 0 R m CH3 



Epothilone C und D kflnnen zur Herstellung der Verbindungen der 
folgenden Forael 1 vervendet werden, wobei ru deren Derivati- 
sierung auf die in MO-A-97/19 066 beechriebenen Derivatieie- 
rungsmethoden vervieeen werden kann. 



17 



ttT 


11 




i 






ill 





In der voretehenden Formal 1 bedeuten 



1 



OR 1 0 



R - H, C 1 . 4 -Alkyl; 

R 1 , R 2 , R 3 , R*, R 5 



H, C L . g -Alkyl, 
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Ci . 6 " 1 • Benzoyl, 
C 1 .4-Trial)cyl8ilyl f 
Benzyl , 
Phenyl , 
Ci-g-Alkoxy-, 

Cg -Alkyl-, Hydroxy- und Halogen- 
eubatituiertea Benzyl bzw. Phenyl; 
wobei auch zwei der Reate R 1 bia R 5 zu der Gruppierung - (CH 2 ) n - 
mit n - 1 bia 6 zuaammentreten kdnnen und ea aich bei den in den 
Reaten enthaltenan Alkyl- bzw. Acylgruppen urn gradkettige oder 
verzweigte Reate handelt; 

Y und Z aind entveder gleich oder verschieden und atehen jeweila 
£4r Waeeeretoff , Halogen, wie F, Cl, Br oder J, Paeudohalogen, 
wie -N00, -NCS oder -N 3 , OH, 0- (C x _$) -Acyl, O- (C lm6 ) -Alkyl, O- 
Benzoyl. Y und Z kdnnen auch daa O-Atora einea Epoxidee aein, wo- 
bei Epothilon A und B nicht beanaprucht warden, odar eine der C- 
C-Bindungen einer C«C-Doppelbindung bilden. 

So kann roan die 12,13-Doppelbindung aelektiv 

- hydrieren, beiepieleweiee katalytiach oder rait Diimin, wobai 
man eine Verbindung der Formal 1 rait Y - Z - H erhJLlt ; oder 

- epoxidieren, beiapielaweiae rait Dimethyldloxiran oder einer 

PereAure, wobai nan eina Verbindung der Formal 1 mit Y rait Z - - 

.» 

0- erh< odar 

- in die Dihalogenide, Dipaeudohalogenide oder Diaaida urawan- 
deln, wobei raan aina Verbindung der Formal 1 rait Y und Z » Hal, 
Peeudo-hal odar Nj erhllt. 

Spothilone I und F 

GemaS einer weiteren AuafOhrungBform betrifft die Erf indung 
einen Biotraneformant von Epothilon A, der dedurch gewinnbar 
iat, daft man 
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(a) Sorangium celluloaum DSM 6773 in Oegenwart eines Adaorber- 
harzea in an sich bekannter Weiae kultiviert, von Adaorber- 
harz abtrennt und gegebencnfalla die Geaamtmenge oder einen 
Tail der abgetrennten Kultur mit einer methanol iechen Loeung 
von Epothilon A veraetzt, 

(b) die mit . Bpothilon a veraetzte Kultur inkubiert und d&nach 
mit Adaorberharz veraetzt, 

(c) daa Adaorberharz von der Kultur abtrennt, mit Methanol elu- 
iert und daa Bluat zu einem Rohextrakt einengt, 

(d) den Rohextrakt zwiachen Bthylacetat und Waaaer verteilt, die 
Ethylacetat-Phaae abtrennt und zu einem 6l einengt, 

(e) daa 5l an einar Umkehrphaee unter folgenden Bedingungen 

chromatogr^phiftrt : 

Siulenraaterial : ifucleoeil 100 CMS 7 im 
Siulenmafie: 250 x IS in 
Lauf mittal : Methanol /Waaaar • 60 : 40 
FluS: 10 ml/min 

und Fraktionen mit einam Gahalt an Biotranaf ormant , die aich 
durch UV-Ldechung bai 254 nra detektieren laaaen, mit einem R t - 
Vfert von 20 min abtrennt und den Biotranaf ormanten iaoliert. 

Ferner betrifft die Brf indung einen derartigen Biotraneformant 
von Bpothilon A, der dadurch gewinnbar iet, daS man bai Stufe 

(a) eina Kultur abtrennt, die drei oder vier oder mehr Tage alt 
iet. 

Ferner betrifft die Brf indung einen derartigen Biotranaf ormant 
von Epothilon A # dtr dadurch gewinnbar iat, daft man bei Stufe 

(b) ein oder zwei oder mehr Tage inkubiert. 
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Ferner betrifft die Erfindung eine Verbindung der Suramenformel 
C26H39NO7S, gekennzeichnet durch folgendea 1 H-MMR-Spektrum (300 
MHZ, CDCI3): delta - 2.38 (2-H a ), 2. SI (2-H b ) , 4.17 (3-H) , 3.19 
(6-H), 3.74 (7-H), 1.30 - 1.70 <8-H, 9-H 2 , 10-H 2 , ll-Hj) , 2.89 
(12-H), 3.00 (13-H), 1.88 (14-H a ) , 2.07 (14-Hb). S.40 (15-H) , 
s>57 (I7-H), 7.08 (19-H) f 4.85 (21-H 2 > , 1.05 (22-H 3 > , 1.32 (23- 
H 3 >, 1.17 (24-H 3 >, 0.97 (25-H 3 ), 2.04 (27-H 3 ) 

« 

Ferner betrifft die Erfindung eine Verbindung (Bpothilon B) der 
Fornel : 



H0CH a 




oh o 



Bpothilon B 



R - H 



GemlB einer weiteren.Auefuhrungeforai betrifft die Erfindung 
einen Biotraneformant von Bpothilon B, der dadurch gewinnbar 
let, deft nan 

(a) Sorangiuai celluloaum DSM 6773 in Gegenwart einea Adaorber- 
harzee in an aich bekannter Weiae Jcultiviert, vo» Adeorber- 
hars abtrennt und gegebenenfella die Geaamtmenge oder einen 
Teil der abgetrennten Kultur mi t einer methanoliechen Loeung 
von Bpothilon B veraetat, 
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(b) die mlt Bpothilon B versetzte Kultur inkubiert und danach 
mit Adsorberharz vereetzt, 

(c) das Adsorberharz von der Kultur abtrennt, mlt Methanol elu- 
iert und daa Bluat zu einem Rohextrakt einengt, 

(d) den Rohextrakt zwiaehen Bthylaeetat und Waaaer verteilt, di 
Bthylacetat-Phaae abtrennt und zu einem 6l einengt, 

(e) daa 61 an einer Umkehrphaae unter folgenden Bedingungen 
chromatographiert : 

Stulenmaterial : NUcleoail 100 C-lB 7 fan 
Siulenmafie: 250 x 16 on 
Laufmittel: Methanol /Waaaer - 60 : 40 
Plufi: io ml/min 

und PraJctionen mit einem Oehalt an Biotransformant , die aleh 
dureh UV-L6echung bei 254 ran detektieren lessen, mit einem R t - 
Wert von 24,5 rain abtrennt und den Biotranafozmanten iaoliert. 

Ferner betrifft die Brfindung einen derartigen Biotransformant 
von Bpothilon B, der dadurch gewinnbar 1st, daS man bei Stufe 

(a) eine Kultur abtrennt, die drei oder vier oder raehr Tage alt 
ist. 

Ferner betri££t die Brfindung einen derartigen Biotransformant 
von Bpothilon B, der dadurch gewinnbar ist, daft man bei Stufe 

(b) ein oder zwei oder menr Tage inkubiert . 

Ferner betrifft die Brfindung eine Verbindung der Summenformel 
C27H41NO7S, gekennzeichnet durch folgendes 1 H-NMR-Spektrum (300 
MH Z , Ca>C1 3 ) 5 delta - 2,37 (2-H a ) , 2.52 {2-%), 4.20 (3-H) , 3.27 
(6-B), <7-H), 1.30 - 1.70 {8-H, 9-H 2 , 10-Hj, 11-H 2 ) , 2.78 

(13-H), 1.91 (14-B), 2. OS <14-H b ), 5.42 (15-H) , 6.58 (17-H) , 
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7.10 (19-H), 4.89 (21-Hj), 1.05 (22-H 3 ), 1.26 (23-H 3 ), 1.14 (24- 
H 3 ), 0.98 (2S-H 3 ), 1.35 (26-H 3 ) , 2.06 (27-H 3 ) . 

Feraer betrifft die Brflndung elne Verbindung (Bpothilon F) der 
Formal: 




Bpothilon P R - CH3 
Heratelluna und Mittel 

Die erf indungsgem4fien Verbindungen bzv. Epothilone aind mit den . 
voratehend angefuhrten Mafinahmen gevinnber. 

Die Erf indung betrifft ferner Mittel fir den Pflanzenechutx in 
Landwirtachaft, Foratwirtechaft und/oder Oartenbau, beetehend 
aua einere Oder mehreren der vorstehend aufgefflhrten Epothilone 
C, D, E und F bsw. beetehend aua einem oder mehreren der vorete- 
hend aufgeffchrten Epothilone neben einem oder mehreren. flblichen 
Triger(n) und/oder Verdflnnungemitt el (n) . 

SchlieSlich betrifft die Brflndung therapeutieehe Mittel, beate- 
bend aua einer oder mehreren der vorstehend aufgefflhrten Verbin- 
dungen oder einer oder mehreren der voratehend aufgefOhrten Ver- 
bindungen neben einem oder mehreren fiblichen Trager(n) und/oder 
Vfiw»unnungamittel (n) Dieae Mittel Jcfinnen inebeaondere cytotoxi- 
•dff^Aktivititen aeigen und/oder Immunauppreaeion bewirken 



• « 
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und/oder zur Bekimpfung maligner Tumore eingeeetzt verden, wobei 
sie beaonders bevorzugt als Cytoetatika verwendbar aind. 

Die Erfindung wird im folgenden durch die Beachreibung von eini- 
gen auagfevlhlten Auafatirungsbeiapielen n4her erliutert und be- 
schr ieben . 



Beiapiele 

Beiaplal It 
Bpothilone C und D 

« 

X. ProduktionsatusB und Kulturbadingungan *nt«pr«ch«nd d«a Cpo- 
thiloa Baaitpataat Dl-B-41 38 042. 

B. Produktion ait D8M €773 

75 1 Kultur warden wie im Baaiapatent beachrieben angezogen und 
zum Animpf en einea Produktionafermentere mit 700 1 
Produktionsmedium aua 0.8 % Stirka, 0.2 % Glukoee, 0.2 % Soya- 
mehl, 0.2 % Hefeextrakt, 0.1 % CaCl2 x 2H2O, 0.1 % MgS0 4 x 7H 2 0 # 

» 

8 rog/1 Fe-EDTA, pH • 7.4 und optional 15 1 Adeorberharz Amber- 
lite XAD-16 verwendet. Die Fermentation dauert 7-10 Tage bei 
30 C, BeHlftung mit 0.1 HL/m 3 . Durch Regulierung der Drehzahl 
wird der pOj bei 30 % gehalten. 

C. Zaolierung 

Daa Adaorberharz vird mit ainem 0.7 m 2 , 100 meah Prozefifilter 
von der Kultur abgetrennt und durch Waachen mit 3 Battvoluman 
V T ;^^r/Mef haziol 2:1 von poljtren Begleitatof fen befreit. Durch 

ulen-4M n ^Bettvolumen Methanol wird ein Rohextrakt gewonnen, 
uzt i. vak. bia zum Auftreten der Waaaerphaee eingedampft wird. 
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Dieee wird dreimal mit dem gleichcn Voluraen Ethylacetat extra- 
hiert. Eindampfen der organischen Phaae ergibt 240 g Rohextrakt, 
der zwischen Methanol und Heptan verteilt wird, urn lipophile Be- 
gleitatoffe abzutrennen. Aus der Methanolphaee werden durch Ein- 
dampfen i. Vak. 180 g Raffinat gewonnen, daa in drei Portionen 
Ober sephadex LH-20 (Siule 20 x 100 cm, 20 ml /rain Methanol) 
fraJctioniert wird. Die Bpothilone eind in der mit 240 - 300 rain 
Retentionezeit eluierten Praktion von inegeaamt 72 g enthalten. 
2ur Trennung der Bpothilone wird in drei Portionen an Lichroeorb 
RP-18 (IS im, Siule 10 x 40 cm, . Laufraittel 180 ral/min Metha- 
nol /Waeser 65:35) chroma tographiert . Nach Epothilon A und B wer- 
den mit R t » 90-95 min Epothilon C und 100-110 min Epothilon 0 
eluiert und nach Eindampfen i. Vak. in einer Auabeute yon je- 
weile 0.3 g ale farblo«e file gewonnen. 

O. phyeikaliaehe Sigeneehaftea. 




Epothilon C R - H 
Epothilon D R - 

Epothilon C 

C26H39HO5S [477] 

ESI -MS: <f : '>-±* X«***« «™- 5 Cur tM+Hl + 
1H und 13C »iche NMR-Tabelle 
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DC:Rf - 0,82 

DC-Alufolie 60 P 254 Merck, Laufmittel: Dichlormethan/Methanol - 

9:1 

Detektioh: UV-L6«chung bei 254 am. AnsprChen mit Vanillin- Schwe- 

felsiure-Reagenz, blau-graue Anf&rbung beim Erhitzen 
auf 120 *C. 

KPLC:Rt • 11#5 min 

S&ule: Nucleoail 100 C-18 7fim # 125 x 4 on 
Laufmittel: Methanol/Waaaer -65:35 
Flufi: lml /min 
Detection: Diodenarray 

■ 

Bpothiloo D 

C 27 H 41 !I05S (491) 

ESI -MS: (poaitiv Ion«n) : 492,5 fur [M+H) + 
1H und 13C siehe NMR-Tabelle 

* 

DC:Rf -0.82 

DC -Alu folic 60 P 254 Merck, Laufmittel: Dichlormethan/Methanol - 

9:1 

Detection: DV-Loechung bei 254 nm. Aneprohen mit Vanillin -3ch we - 

feleaure -Reagent, blau-graue Anfirbung beim Brhitzen 
auf 120 *C. 

HPLC:R t - 15,3 min 

Sftule: Nucleoail 100 C-18 7 pm, 125 x 4 mm 
Laufmittel: Methanol /Waaaer - 65:35 
Fluft: lml /min 
Detection: Diodenarau *: 
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Taballa It X H- und 13 C-HHR Datan von Epothilon C uad Xpothiloa D 
itt [D$] DMSO bai 300 MHs 




H-Atom 



Bpothlloa C 

S c-Xtcm 8 

(pp»> <W* 



2 -Ha 


m i a 
2 • 35 


2 -Kb 


9 CO 


3-H 


3 97 

j ♦ y • 


^ All 

3 -OH 


4 12 


f is 


2.07 


# • n 


2.4* 


T.nn 
# •un 


4.46 


a tJ 


1.34 


9-fftl 


1.15 


9 -Kb 


1.40 


10-H* 


1.15* 


10 -Hb 


1.35* 


11 -Ha 


1.30 


11 -Hb 


2.13 


13 -K 


5.30** 


13 -H 


S.44** 


14 -Ha 


3.33 


14 -Hb 


3.70 


15-H 


5.27 


17-H 


6.50 


15-H 


7.35 


21-H, 


2. 58 


22-H, 


0.54 


23 -H, 


1.21 


24 -H, 


1.05 


2»-H 4 


0.50 


2C-H, 




37-H, 


2.10 



2 
2 
4 
5 
6 
7 
• 
9 

10 
11 
12 
12 
14 
16 

ii 

17 
10 
It 
20 
21 

22 
22 
24 
25 
27 



170.2 

21.4 

71.2 

52.1 
217.1 
45.4 
75,5 
35.4 
27,6 
30.0 
27. 6 
124.4 

133 a 1 

31.1 
74. 3 
137.3 
llt.l 
132.1 
117.7 
144.2 
18.1 

20. • 

22.6 
14.7 
10.4 
14.2 



6 

(ppm) 



Epochilon D 
OAfcoa 



2.35 

2.30 

4.10 

5.00 

3.11 

3.40 

4.44 

1.20 

1.14 

1.20 

1.14* 

1.33* 

1.75 

2.10 

5.00 

2.20 

2.53 

5.29 

6.51 

7.35 

2.65 

0.50 

1.10 
1.07 

0.91 

1.62 

2.11 



2 

3 

4 

5 

6 

7 

0 

9 

10 
11 
12 

14 

15* 

14 

17 

10 

19 

20 

21 

22 

22 

24 

25 

26 

27 



ft 

(ppoO 



170.1 

< 

39.0 
70.4 
53.2 

217.4 
44.4 
75.5 
26.3 
29.9 
25.9 
31.0* 

130.3 



120.3 



31.6* 
76.6 
137.2 
119.2 
152.1 
117.7 

164.3 
16.9 
19.7 
22.5 
16.4 
10.4 
22.9 
14.1 



* zuordnung vtrtauaehbar 



v. "t" 
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Baiapiel 2s 

Bpothiloa A und 12, 13-Biaepi-epothilon A aua 

50 mg Epbthilon A warden in 1.5 ml Aceton geldet und mit 1.5 ml 
einer 0.07 molaren Lfisung von Dimethyldioxiran in Aceton ver- 
setzt. Nach 6 Stunden Stehen bei Raumtemperatur wird i. Vak. 
eingedampft und durch priparative HPLC an Kieeelgel (Lauf mittel : 
Methyl -tert . butylether/Petrolether/Methanol 33 : 66 : 1) getrennt . 

Auabeute : 

25 mg Epothilon A, R t - 3,5 min (analyt. HPLC, 7 nn, Saule 4 x 

250 ma, Lauf mittel B. O., Plufi l.S ml/min> 

und 



20 mg 
Ionen) 



J 1 



. 1 7 m4n PCT.I 



m/x - 494 EM+H] + 

X H-MMR in [D4) Methanol, auage- 

wihlte Signaler delta -4.32 

(3-H), 3.79 (7-H), 3.06 (12-H) , 
3.16 (13-H), 5.54 (1S-H) , 6.69 

(17-H), 1.20 (22-H), 1.45 (23-K) 




OH 0 



12,13-Bieepi-epotiiilon A R « H 
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Baiapial 3 i 

Epothilon I und P, aaue Biotranaformationeprodukte der Bpothi- 
lone A und B. 

Produktlonaetaamt 

Der Produktion..tamm Sorangium cellulomm So ce90 wurde im Juli 
1985 an der GBP aua einer Bodenprobe von den Ufern dea Zambeai 
iaoliert und am 28.10.91 bai der Deutachen Sannluag fur Mikro- 
organiamen. unter Hr. D3M €773 hinterlegt. 

Die Charakteriaierung dee Produxenten aowie die Kulturbedingun- 
gen aind beachrieben in: 

Hofle, O.j N. Bedorf, K\ Oerth & H. Reichenbach: Bpothilone, 
deren Heratellungaverf ahren aowia aie cnthaltende Mittel . 
DB 41 38 042 Al, offengelegt an 27. Mai 1993. 



Bildung dar Bpothilone B und B wihrend dar Permentation* 

* 

Bine typiecha Permentation verlauft folgendermafien t Bin 100 1 
Bioreaktor wird alt 60 1 Medium (0,8 % Starke, 0,2 % Olucoae, 
0 2 % Soyamehl; 0,2 % Hefeextrakt ; 0,1 % Cadj x 2H 2 0 } 0,1 % 
MgS0 4 x 7H 2 0, 8 mg/1 P-SDTX, P H 7.4) gefullt. Zuaatxlich werdan 
2 % Adeorberharx (XAD-16, Rohm a Haaa) xugegeben. Daa Medium 
wird durch Autoklavieren (2 Std., 120 *C) ateriliaiert . Beiapft 
wird mit 10 1 eiaer im gleichen Medium (xuaatxlieh 50 mM HBPBS- 
Puffer pH 7.4) im Schuttelkolben angexogenen Vorkultur (160 Upm, 
30 *C) . Permentiert wird bei 32 -C mit einer Ruhrergeachwindig- 
keit von S0O Opm und einer Beluftung von 0.2 Nl pro m* und Std, 
der pH Wert wird durch Zugabe von KOH bai 7,4 gehaltan. Oia Per- 
mentation dauert 7 bi. 10 Tag.. Die gebildeten Bpothilone werden 
wihrend der Permentation kontinuierlich an da. Adeorberharx ge- 
bunden. Nach Abtrennen der Kulturbrube (x. B. do* ; , "«ai.br« - 
einem ProxeSf liter) wird daa H*rx mit 3 Bettvoluw .. ,c 



in 
ccvra- 
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schen und mit 4 Bettvolumea Methanol eluiert. Das Eluat wird zur 
Trockne eingeengt und in 700 ml Methanol auf genommen . 

HPX»C- Analyse daa XAD-Eluateei 

Gegenflber dem Ausgangsvo lumen des Reaktors (70 1) 1st daa Eluat 
100:1 konzentriert . Die Analyse wird durchgeffihrt mit einer HPLC 
Anlage 1090 der Pa. Hewlett Packard. Zur Trennung der Inhalt- 
stoffe wird eine Mierobore Siule (125/2 Nucleosil 120- 5 C 18 ) der 
Fa. Machery-Nagel ( DQren ) verwertdet. Eluiert wird mit einem Gra- 
dienten aus Wasser/Acetonitril von anftnglich 75:25 bia zu 50:50 
nach 5,5 Minutan . Dieses Verh&ltnis wird bis tur 7. Minute ge- 
halten, urn dann bis zur 10. Minute auf 100 % Acetonitril anzu- 
steigen. 

Gemessen wird bei einer Wellenl&nge von 250 nm und einer Band- 
breits von 4 na. Die Dioden Array Spektren werden is Hellenl£n° 
genbereich von 200 bis 400 nm gemessen. Im XAD-Eluat fallen zwei 
neue Substanzen mit Rt 5,29 und 5,91 auf, der en Adsorptions- 
spektren mit denen von Bpothilonen A bzw. B identisch sind (Abb. 
1; E entspricht A, F entspricht B) . Diese Substanzen werden 
unter den gegebenen Ferment « t i onsbedingungen nur in Spur en 
gebildet . 

Biotransformation von Spothilan A und B zu Xpothilon I und Ft 



FQr die gezielte Biotransformation wird eine 4 Tage alte, mit 
Adsorberhar* gehaltene 500 ml Kultur von So ce90 verwendet. Von 
dieser werden 250 ml unter Zurtcklassen des XAD in einen steri- 
len 1 1 Erlenmeyerkolben \lberfOhrt . Danach wird eine methanol! - 
ache LA sung einer Mischung von insgesamt 36 rag Epothilon A und 
14 tng Epothilon B zugegeben und der Kolben fflr zwei Tage bei 30 
°C und 200 Upra auf einer Schfttteltruhe inkubiert. Die Bil^ ... 
der Epothilone £ und £ wird direkt aus 10 pi des zentrifugv^.Len 
KulturOber stands analysiert (Abb. 2) . Die Umwandlung erfolgt nur 
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in Gegenwart der Zellen und i.t abhangig von der einge.etzten 
Zelldlchte und der Hit. Bine Kinetik der Umwandlung i.t fur 
Epoth.il on A in Abb. 3 dargeetellt. 



Spothilan I und W 



_ titaothilon B und F werden drei Schuttelkolben- 

2ur isolierung ven Epetnuon a u»» 

an.Atze .u. der Biotransformation (.. o.) vereinigt und 1 » mit 
XAD-16 geechuttelt. Da. IAD wird durch Ab.ieben gewonnen 
Ij^oo 1 Methanol eluiert. Da. Bluat wird i. Vak. xu 1.7 g 
^LxtraXt eingedampft. Die.er wird xwiechen 30 «1 Bthylacetat 
^To^ -..eHrteilt. Xu. der Bthyl.cetetpbae. werden bei« 
^JZtn i. Vak. 330 «g eine. oligen ,ttck.tand.. erhalten die 
TtZ LAufen Ober eine 250 x 20 « RP-18 SAule chrocatogra- 
SiS wetden (L.ufadtt.1, Methanol /Wa.ser 58:42, Detektion 254 

nm) • 

Ausb#ute: Spothiioo 5 SO 

F lOq 

Biologiecbe Wirkmg raa Bpotbilon Bt 

in zellkulturen wurd. die Konzentration be.ti«t, welcbe da. 
iacnBtuTul 50 % reduxiert <IC 50 > und mit den Kerten fur Bpothi 
Xon A verglichan. 

■ • 

IC50 (ng/«l) 

Zellinie 



5 1 

HeLa. KB-3.1 Ihwal 20 4 

Mau.fibrobla.ten# L929 
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Spothiloa I 

C26H39HO7S (509) 

BSI-MS: (poflitiv lonen) : 510.3 fdr [M+H] * 
DC: Rf - 0,58 

DC-Alufolie 60 P 254 Merck. Laufmittel: Dichlormethan/Methaaol - 

9:1 

Detektion: UV-L6achung bei 254 nin. Anaprthen mit Vanillin- 

Schwefela&ure-Reagenz, blau-graue Anfirbung beim 
Brhitxen au£ 120 «C 

HPLC: R t -5,0 min 

S&ule: Nucleoail 100 C-18 Ipm, 250 x 4 mm 
Laufmittel: Methanol /Waaaer - 60:40 
FluS: 1,2 ml /min 
Detektion: Diodenarray 

■ 

^•H-NMR (300 MHz, CDCI3) : delta - 2.38 (2-H,) , 2.51 (2-Hb) , 4.17 
(3-H), 3.19 (S-H), 3.74 (7-H) , 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 
11-H 2 ). 2.89 (12-H), 3.00 (13-H) , 1.88 (14-H a ) , 2.07 (14-H b ), 
5.40 (1S-H), 8.57 (17-H) , 7.08 (19-H) , 4.85 (21-Hj) , 1.05 (22- 
H 3 ), 1.32 (23-H 3 ), 1.17 (24-H 3 ) , 0.97 (25-H 3 ), 2.04 (27-H 3 ) 

XpotUlen r 
C27H41HO7S (523) 

BSI-M8 : (poa itiv lonen) : 524 . 5 fdr [M+K) * 

DC: Rf ■ 0,58 

DC-Alufolie 60 F 254 Merck. Laufmittel: Dicblormethaa/Methanol - 
9:1 

Detektion: UV-L&schung bei 254 nm. Ansprflhen mit Vanillin* 

Schwefela&ure-Reagenz, blau-graue Anfirbung beim 
Brhitren auf 120 # C. 
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HPLC: Rt » s »* min 

SAule: Nucleo.il 100 C-18 7 M m, 250 x 4 mm 
Laufmittel: Methanol /WaB.er - 60:40 
Flufi: 1»2 ml/«in 
DeteJctioa: Diodenarray 

iH-HMR (300 MK S « CDCl 3 ) , d.lt. - 2.37 (2-*). 2.52 <2-Hb>, 4.20 
(3-H>, 3.27 (6-H), 3.74 (7-H). 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 
11-H 2 ), 2.78 (13-H). 1.91 2.06 (14-*). 5.42 (15-H) , 

6 SB (17-H). 7.10 (19-H), 4.89 <21-H 2 >, 1.05 <22-H 3 > , 1.26 (23- 
H 3 >. 1.14 <24-H 3 ), 0.98 (2S-H 3 >, 1.35 (26-H 3 > , 2.06 (27-H 3 > . 

B«lspl*l 4i 

Her.f llung von Bpothilon B «nd F durch Biotrwf orwtioa «it 

SorangiuB* e&llulouvss Sc cs90 

* 

1) Durchfahrung (tor Biotr.ii.fora.tion> 

^ di. Biotran.fora.tion wird .in. Xultur von sorans*. «lJu- 
lemam so =.,. v««nd.t. di. for vi.r T.g. UO^.«t v» ^ * 
XAD IS Ad.orb.rlur. If.. *»- und B.». Frankfurt /M . I b.i 30 
oad i«o up. ...ohfltt^t wurd.. Kuitur»dio. b.t f.ls»d. _ 
^.^JHron, in 9 /Lit« .to.tilli.rtra >»«»™"" 
ouiran.). »• «««>•• OtoiM-l. • > «tf.tt«t.. soj»»hl. 2. 
a. f raxtr.*t (H«cor) . » B«nyl«di.-int.tr«.^»<«. Ei«n 

»trio- sa«. 0,00., Ni*>« » 7 HjO. 1, OCX, « a H£, 1. 
KSPBS 11, S- Mr pH-w.rt wird vor dra A»torl.vl.«n -it 
^^Lu^ »D wird duron Si^n Orar .in «**^ 
.I* «»0 fim N«cl»nw.it.> von d« rultur .b».trannt. Di. B*t.- 
rira wTrdTduroh Sratrlfu^tlo. for 10 In b.1 10 00. v^i- 

di«t. Ju d.r )conrantri.rt.» BUt.ri«.«p««l«« wird 

thHon A Epothllon B in «th»oli.eh«r ««r* in .in« Kon 



ft 

(C) 1999 Copyright Derwcnt Information Ltd. 



- 19 • fcrmnn&m 

zent ration von 0,5 g/Liter zugesetzt. Die Kultur wird wie oben 
beschrieben weiterkultiviert. Zur Analyse der Biotransformation 
wird zu den gewfinschten Zeiten eine l ml Probe entnomraen, 0,1 ml 
XAD zugegeben und die Probe far 30 min bei 30 °C geschfittelt. 
Eluiert Wird das XAD mit Methanol. Dae Bluet wird zur Trockene 
eingeengt und in 0,2 ml Methanol wieder auf genonmen . Dieee Probe 
wird fiber HPLC analyeiert. 

Abb. 4) Kinetik der Biotransformation von Epothilon A nach Epo- 
thilon B 

Abb. 5) Kinetik der Biotransformation von Epothilon B nach Epo- 
thilon P. 

2) Hers tel lung von Epothilon E durch Biotransformation von 1 g 
Epothilon A. 

Der Stanm Sormngium celluloaum So ce90 wird ffir vier.Tage in 8,5 
1 des obigen Mediums (jedoch ohne XAD Zusatx) in einem 10 Liter 
Bioreaktor bei 30 *C, einer Drehzahl von 150 Upm und einer 
Belfiftung von 0,1 wm angezogen. 

AnschlieSend wird die Kultur durch cross flow Filtration auf 3 1 
eingeengt. Hierzu werden 0,6 m 2 einer Membran mit einer Poren- 
grftfie von 0,3 /xm verwendet. 

Die konzentrierte Kultur wird in einen 4 Liter Bioreaktor fiber- 

* 

ffihrt und eine methanol ische Lfisung von 1 g Epothilon A in 10 ml 
Methanol zugegeben. AnschlieSend wird die Kultur fiber einen 
Zeitraum von 21,5 h weiterkultiviert . Die Temperatur betrigt 32 
°C, die Rfihrerdrehzahl 455 Upm und die Belfiftung erfolgt mit 6 
1/min. Zum Erntezeitpunkt wird 100 ml XAD zugegeben und ffir 1 h 
weiterinkubiert. Das XAD wird durch Absieben von den Zellen ab- 
getrennt und erschfipfend mit Methanol eluiert. Das konzentrierte 
Eluat wird fiber HPLC analyeiert. 
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Bilanzierung der Biotransformation: 

Epothilon A eingeaetzt: 
Epothilon A nach 21,5 b wiedergef unden » 
Epothilon E nach 21,5 h gebildet: 
Epothilon A vollstsndig abgebautt 



1000 rag 
53,7 ng i 
661.4 rag 



100 % 
5,4 % 
66,1 % 
28,5 % 



Versuch 5i 

Die erf indungagemafien Epothilone vurden rait ^l^^uren 
(Tabelle 2) und auf Polymeriaationaffirderung (Tabelle 3) gete- 

stet. 



Tabelle 2t 



Epotbllon-Teete rait Zellkulturen 




BCD 
507 477 4tl 
IC-50 [ag/all 



509 



Mauaf ibroblaaten L 929 

HL-60 (Leukamie) 

K-562 (Leukatlie) 

U-937 (Lyraphora) 

KB -3.1 (CervixJcarzinora) 

KB-Vl (Cervixlcarzinow 

raultiree 

A-498 (Hierenkarzinora) 
A- 549 (iiungenJcexzinora) 



0.2 
0.3 
0.2 
1 

0.3 
0.7 



0.2 
0.3 
0.2 
0.6 

0.3 
1.5 
0.1 



100 


20 


20 


10 


3 


1 


20 


10 


2 


10 


3 


1 


20 


12 


5 


15 


3 


5 


150 


20 


20 


30 


10 


3 



523 




1,5 



0,3 
0,5 
0,2 
0.5 

0,6 
3 

0,1 
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Tabelle Is 

Polyaerisationateat ait Epothilonan 

Parameter: Zeit bia zur halbmaximalen Polymerisation der Kon 
trolle 



Measung: 




X 


y 


z 


Mitt«l 


Mittal 












[•3 


C%] 


{Control le 


200 


170 


180 


210 


190 


100 


Epothilon A 


95 


60 


70 


70 


74 


39 


Bpothllon B 




23 


25 


30 


26 


14 


Epothilon C 


125 


76 


95 


80 


94 


49 


Epothilon D 


125 


73 


120 




106 


56 


Epothilon E 


80 


60 


50 


45 


59 


31 


Epothilon F 


80 


40 


30 


50 


50 


26 



Standardteet mit 0,9 rag Tubulin /ml und 1 mM Probenkonzentration 



Der Polymerisatienateat Imt min in vitro Teat ait gereinigtea 
Tubulin aua Schweinehirn. Die Auavertung erfolgt photometriech. 
PolymeriaationafSrdernda Subatanzen wie die Epothilone verkfcrzen 
die Zeit, bia zu der halbmaximale Polymerisation erf olgt iet, d, 
h M je kOrzer die Zeit, deato wirkaaraer die Verbindung. w, x, y 
und z eind viar unabhlngige Verauche, die relative Wirkaamkeit 

• 

iat in der letzten Spalte in % der Kontrolle auagedrtckt; wieder 
zeigen die niedrigaten Werte die beate Wirkaamkeit an. Die 
Rangliete entepricht ziemlich genau der in Zellkulturen featge- 
e tell ten. 
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PataataMpruene 



1. Bpothilone, dadurcb gewinnbar , da& man 

(a) Sorangium calluloaum DSM 6773 in Gagenwart .ina. Adaorber- 
harze. in an aich bekannt.r Wei.e Jcultiviart, 

(b) das Adwrberhar* von dar Kultur abtrannt und «it aina. 
Wa..er/Methanel-Ge«i.ch va.cht. 

(c) da. g.wa.chana JuUorbarhar. -it Methanol aluiart und da. 
Bluat «u ainam Rohaxtrakt einengt, 

id! da. gawonnana Koiaantrat ait Bthyl.catat extrahi.rt, dan 
Extras ainangt und xwi.cben Methanol und Hexan varta ilt. 
™ n*thanoli.cha Pha.. xu einam Raf f inat ainang* und da. 
Kon.antrat an ainar Saphadex-Saul. fraktioniart, 
W etna Fraction -it Stolfwach-elproduJct.n de. einga..tztan 

^r^n^tUn an ein.r J- - 

Mltha»ol/Ka...r.Oaai.ch chrom.togr.nhi.rt und in ..itlichar 

- nach ainar ar.t«m Praktion «it T : - hilon u und 

- ainar xweitan Praktion mit Bpothion B 
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- eine dritte Fraktion mit einem ersten weiteren Bpothilon und 
• eine vicrte Fraktion mit einem zweiten weiteren Epothilon ge- 
winnc und 

(hi) und das Epothilon der ersten weiteren Fraktion und /oder 
(h2) das Bpothilon der zweiten weiteren Fraktion isoliert. 



2. Bpothilon der Summenformel C2SK39NO5S, gekennseicbnet durch 
das IK* und l3C-NMR-Spektrum geroAS Tabelle 1. 



3. Bpothilon C der Formel: 



Bpothilon C R » H 




4. Bpothilon der Summenformel C27H41NO5S, gekennseiehnet durch 
das 1 H- und 13 ONMR-Spektrura geroAS Tabelle 1. 

5. Bpothilon 0 der Formel: 




6. Biotranaformant von Bpothilon A, dadu: jtswinrir ; , dLaft man 
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(a) Sorancium celluloaum DSM 67*73 in Geganwart eina. Adaorber- 
harze. in an aicb bakanntar Wi.e Jcultiviert, vom Adaorbar- 
harz abtrannt und gegebenenfalle die Geeamtmenge odar einan 
Tail dar abgetrannten Kultur mit einer methanol iachan Loaung 
von Bpothilon A vereetzt, 

(b> die mit Bpothilon A versetxte Kultur inkubiert und danaoh 
mit Adeorberharz veraetzt, 

(C ) da. Adaorbarharz von der Kultur abtrennt . mit Methanol elu- 
iert und daa Bluat zu einem Rohextrakt einengt, 

» 

* 

(d) den Rohe*tra*t zvi.chen Bthyl.cet.t und W—er verteilt, die 
Ethylacetat-Phaae abtrennt und zu einem 61 einengt, 

fti an einar Umkehrphaee unter folgenden Bedingungen 



Slulenmaterial: Mucleoeil 100 C-18 7 n* 

SaulenmaSe: 250 x 16 em 

Laufimittel* Methanol /Waaaer - 60 : 40 

Flufi: 10 «l/ min 

von 20 nin .bt»n»t und *n Bi.tr».f.r~»t.» i«li«t. 

7 Blotrtotor-nt von Bpothilon » n»=h Awpruoh «. dndureh g.- 
ILr. 4- -n- b.i Stuf. t.) «in. Kultur nbt«nnt. di. dr.i 
odor vLr odor Mhx tm» «" l,t - 

e . 

8 ,lotr«.for~nt von Bpothilon A n.oh Xwpruoh « 

Ltt Unnbnr. da. «n b.1 St»f. <b. .in od.r ~i * -r ~* 

Taas inkubiert. 
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9. Verbindung der Suimnenformel C26H3 91107s, g«kaans«lcha*t durch 
folgendes 1 H-NMR-Spektrura (300 MHz, CDCI3) : delta - 2.38 (2-H a ) , 
2. 51 (2-Hb)» 4.17 (3-H), 3.19 (S-H) , 3.74 (7-H) , 1.30 - 1.70 (8- 
H, 9-H 2 , 10-H 2 , 11-H 2 ), 2.89 (12-H) , 3.00 (13-H), 1.88 (14-H a ) , 
2.07 (14-Hb), 5.40 (15-H) , 6.57 (17-H) , 7.08 (19-H) , 4.85 (21- 
H 2 ), 1-05 (22-H3), 1.32 (23-H 3 ), 1.17 (24-H 3 ), 0.97 (2S-H 3 ) , 
2.04 (27-H3) 

10. Verbindung (Bpothilon E) der Formel: 




» 



11. Biotraneformant von Bpothilon B, dadurch gevinnbar, dafi man 

(a) Sormngium cmllulomxm DSM 6773 in Gegenwart einea Adeorber- 
harzee in an aich bekannter Weiae Icultiviert, vom Adaorber- 
harx abtrennt und gegebenenfalla die Qeaamtmenge oder einen 
Teil der abgetrennten Kultur mit einer tnethanoliechen L6eung 
von Bpothilon B vereetxt, 

(b) die mit Bpothilon B veraetzte Kultur inkubiert und danach 
mit Adaorberharx vereetxt, 

■ 

(c) daa Adaorberharx von der Kultur abtrennt, mit Methanol elu- 
iert und daa Bluat zu einem Rohextrakt einengt, 
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(d ) den Rohextrakt zwischen Ethylacetat und Was.er verteilt, die 
Ethylacetat-Phase abtrennt und xu einem 01 einengt, 



(e) 



da» 61 an einer Umkehrphaae unter folgenden Bedlngungen 
* chromatographiert : 

Siulenmaterial « Hucleoall 100 C-18 7 jira 

SaulenmaBe: 250 x 16 em 

Laufmittel: Methanol /Waeeer - 60 : 40 

Plufi: 10 ml/min 

und Praktionen «it einem Oeh.lt an Biotranef ormant , die eich 
durch UV-Loechung bei 254 n» detektieren lae.en. «it Hm>.V 
Wert von 24,5 «in abtrennt und den Biotranef or-anten ieoliert. 

12 Biotraneformant nach An«pruch 11, dadurch gewinnbar, daS .an 
Zl Stufe (a) ein. Kultur abtrennt, die drei oder vier oder mehr 



Tage alt 1st. 



dadurch 



13. B lot rami era****- ^ . . 

dafi man bei Stuf. (b) ein oder «w.i oder »ehr Tage inkubiert. 

14 . verbid s«~nto«l C^x^S. j^m,.i<*»« 4»«h 

fol9 .„d.. l H -»«-Sp.1Cttu- (300 «... CDC1 3 >. 4.1" • '•" «-»'' 
2.0« H7-B31 

15 . Verbindung (Bpothilon P) der Pormel : 
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? 



HOCH 




O OH O 



Epochilon ? R - CH 3 

16. Mittel £Cbr den Pflanzenschutz in dar Landwirtechaft und 
Foratwirechaft und/ oder in Oartenbau, beatehend aua einem oder 
mehreren der Verbindungen gem&S einem der vorangehenden Ansprt- 
che oder einer oder mehreren dieeer Verbindungen neben einem 
oder mehreren flblichen TrSger(n) und/oder VerdQnnungemittel (n) . 

17. Therapeutiechea Mittel , inebeaondere zum Eineatz ale Cyto- 
8 tat ileum, beatehend aua einer oder mehreren der Verbindungen 
nach einem oder mehreren der vorhergehenden Anaprtche oder einer 
oder mehrerer der Verbindungen nach einem oder mehreren der vor- 
hergehenden Aneprttche neben einem oder mehreren Qblichen Tri- 
ger(n) und/oder VerdOnnungamittel (n) . 
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Epothilone C, D, E and F, Preparation and Agents 

The present invention is concerned with epothilone C, D, E and F, with their preparation as 

well as with their application for the preparation of therapeutic agents and agents for plant 
protection. 

♦ 

Epothilone C and D 

According to an embodiment, the invention is concerned with Epothilone C and D, which 
can be obtained by 

(a) cultivating Sorangium ceUulosum DSM 6773 in the presence of an adsorber resin in 
the known manner, 

(b) the adsorber resin is separated from the culture and is washed with a water/ methanol 
mixture, 

(c) the washed adsorber resin is eluted with methanol and the eluate is evaporated to 
obtain a crude extract, 

(d) the obtained concentrate is extracted with ethyl acetate, the extract is evaporated and 
partitioned between methanol and hexane, 

(e) the methanol ic phase is evaporated to a raffinate and the concentrate is fractionated on 
a Sephadex column, 

(0 a fraction is obtained with metabolic products of the microorganism used, 
(g) the obtained fraction is chromatographed on a C 1 8-reverse-phase with a 

methanol/water mixture and the following are obtained in a time sequence, 
- after a first fraction with epothilone A and 

r a second fraction with epothilone B, 

- a third fraction with first additional epothiL A 

. a fourth fraction with a second additional T. .tone a* Gained and 
(hi) the epothilone of the additional fraction and/oi 

i 
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* 



(h2) the epothilone of the second additional fraction is isolated. 

Furthermore the invention is concerned with epothilone [C] having the molecular formula 

■ 

ChI^NOjS, characterized by the 'H and "C-NMR spectrum according to Table 1 . 
Furthermore, the invention is concerned with epothilone C having the formula: 




epothilone C 



H 



Furthermore, the invention is concerned with epothilone [D] having the molecular formula 
CjjH^NOjS, characterized by the 'H and "C-NMR spectrum according to Table 1. 



Furthermore, the invention is concerned with epothilone D having the formula: 




epothilone D 



R - CH, 



Epothilone C and D can be used for the preparation of compound' having the following 
Formula 1 and, with regard to their derivatization, reference cape" vade t t 
derivatization methods described in WO-A-97/19 086. 



0 OR' 0 

In the above formula 1 , the symbols have the following meaning: 
R = H. C M -alkyl; 
R 1 , R J , R>, R\ R* •- H, C^alkyl, 
C t4 acyl benzoyl, 
C M trialkylsilyl, 
benzyl, 
phenyl, 
C w alkoxy-, 

Cf-alkyl, hydroxy and halogen-substituted benzyl or phenyl; 

but two of the groups R 1 to R* can be combined to form the group -(CHj),- with n « 1 to 6, 
and the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; 

Y and Z are either the same or different and each stands for hydrogen, halogen, such as F, 
CI. Br or I, pseudohalogen, such as -NCO, -NCS or -N„ OH, (XQJ-acyl, 0-(C t4 )-alkyl, 
O-benzoyl, Y and Z can also be the O-atom of an epoxide, but epothilone A and B are not 
claimed, or one of the C-C bonds can be a C-C double bond. 

Thus, the 12, 13-double bond can be selectively 

- hydrogenated, for example, catalytically or with diimine, obtaining a compound having 
formula 1 with Y » Z ■ H; or 

- epoxidized, for example, with dimethyldioxirane or a peracid, obtaining a compound having 
Formula 1 with Y with Z - -0-; or 

- converted to the dihalides, dipseudohalides or diazides, obtaining a compov ~*ing 
formula 1 with Y and Z * halogen, pseudohalogen or N,. 
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Epothilone E and F 

According to another embodiment, the invention is concerned with a biotransformant of 
epothilone A, which can be obtained by: 

(a) cultivating Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in 
the known manner, separating it from the adsorber resin and optionally adding a 
methanolic solution of epothilone A to the total amount or to a part of the separated 
culture, 

(b) the culture to which the epothilone A was added is incubated and then adsorber resin 
is added, 

(c) the adsorber resin is separated from the culture, eluted with methanol and the eluate is 
evaporated to a crude extract, 

(d) the crude extract is partitioned between ethyl acetate and water, the ethyl acetate 
phase is separated and evaporated to an oil, 

(e) the oil is chromatographed on a reverse phase under the following conditions: 
column material: Nucieosil 100 C-18 7 

column dimensions: 250 x 16 mm 

solvent: methanol/water = 60:40 

flow rate: 10 mL/min 

and fractions with a content of biotransformant, which can be detected by UV adsorption at 
254 nm, with an R< value of 20 minutes, is separated and the biotransformant is isolated. 

Furthermore, the invention is concerned with such a biotransformant of epothilone A, which 
can be obtained by separating a culture in step (a), which is three or four days old or more. 

Furthermore, the invention is concerned with such a biotransformant of epothilone A, which 
can be obtained by incubating step (b) one or two or more days. 

Furthermore, the invention is concerned with a compound having the molecular formula 
CmHjjNOjS, characterized by the following 'H-NMR spectrum (300 MHz, CDC1,): 



Furthermore, the invention is concerned with a compound (epothilone E) having the 
following formula: 



HOCH 




0 OH 0 



epothilone E R - H 

According to a further embodiment, the invention is concerned with a biotransformant of 
epothilone B, which can be obtained by 

(a) cultivating Sorangium cellulosum DSM 6773 in the presence of an adsorber resin in 
the known manner, separating it from the absorber resin and optionally the total 
amount or a part of the separated culture is treated with a methanolic solution of 
epothilone B, 

(b) the culture to which the epothilone B was added is incubated and then adsorber resin 
is added, 

(c) the adsorber resin is separated from the culture, eluted with methanol and the eiuate is 
evaporated to give a crude extract, 

(d) the crude extract is partitioned between ethyl acetate and water, the ethyl acetate 
phase is separated and evaporated to an oil, 

(e) the oil is chromatographed on a reverse-phase under the following conditions: 
column material: Nucieosil 100 C-18 7 

column dimensions: 250 x 16 mm 

solvent: methanol/ water » 60:40 

flow rate: 10 mL/min 

i 

and fractions with a biotransformant content that can be detected by UV absorption at 254 
ran, with an R< value of 24.5 min are separated and the biotransformant isolated. 



Furthermore, the invention is concerned with such a biotransformant of epothilone B, which 

» 

can be obtained by separating at step (a) a culture which is three or four or more days old. 

Furthermore, the invention is concerned with such a biotransformant of epothilone B, which 
can obtained by incubation at step (b) for one or two or more days. 



Furthermore, the invention is concerned with a compound having the molecular formula 
C^H^NCS, characterized by the following 'H-NMR spectrum (300 MHz, CDC1 3 ): 

dftltft - 2.37 (2-K a J, 2. 52 (2-Hfc) , 4.20 (3-K) . 3.27 
(6-H) , 3.74 (7-H), 1.30 • 1.70 (8-H. 9-K 2 , 10-H 2 , il-K 2 ) , 2.78 
(13-H), 1.91 (14-R), 2.08 (14-Hb), S.42 (15-H) , 6.58 C17-H) , 

7.10 (If-H), 4.89 (21-Hj), 1.05 <f2-H 3 > , 1 . 28 . <23-H 3 ) , 1.14 (24- 

H 3 ), 0.98 <25-K 3 >, 1.35 (26-H 3 > , 2.06 (27-K 3 ) . 



» 

Furthermore, the invention is concerned with a compound (epothilone F) having the formula: 



HOCH t 




epothilone F 



R-CH, 



Preparation an 
The compounds 
listed above. 



ion or epothilones can be obtained with the measures 



Furthermore, the invention is concerned with means for plant protection in agriculture, 
forestry and/or gardening, consisting of one or more of epothilones C. D, E and F listed 
abcvc or consisting of one or several of the epothilones listed above in addition to one or 
several usual carriers) and/or diluents). 



t 



Finally, the invention is concerned with therapeutic agents consisting of one or more of the 
compounds listed above or one or more of the compounds listed above together with one or 
more of common carrier(s) and/or diluent(s). These means can exhibit especially cytotoxic 
activities and/or cause immune suppression and/or can be used for the combatting of 
malignant tumors, where they are used especially preferably as cytostatic agents. 

The invention is explained in more detail and described below by the description of some 
selected practical examples. 

Examples 

Example 1 
Epothilone C and D 

A. Product strain and culture conditions corresponding to epothilone basic patent DE- 
B-41 38 042 

B. Production with DSM 6773 

75 L of culture is raised as described in the basic patent and used for inoculating a 
production fermenter with 700 L production medium consisting of 0.8% starch, 0.2% 
glucose, 0.2% soy meal, 0.2% yeast extract, 0.1% CaCl,-2H 2 0, 0.1% MgS0 4 -7H,0, 8 
mg/L of Fe-EDTA, pH = 7.4 and optionally 15 L of adsorber resin Amberlite XAD-16. 
The fermentation takes 7-10 days at 30°C, with aeration at 0. 1 NL/m*. The pO, is kept at 
30% by adjusting the rate of rotation. 

» 

C. Isolation 

The adsorber resin is separated from the culture with a 0.7 m 2 , 100 mesh process filter and 
the polar accompanying substances are removed by washing with 3 bed volumes of 
water/methanol 2:1. A crude extract is obtained by elution with 4 bed volumes of methanol. 
This is evaporated in vacuum until the appearance of the aqueous phase. 

This is then extracted three times with the same volume of ethyl acetate. Evaporation of the 
organic phase gives 240 g of crude extract, which is partitioned between methanol and 
heptane in ordu to separate lipophilic accompanying substances. Then 180 g of raffinate is 
obtained from the methanol phase by evaporation in vacuum. This is fractionated into three 
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portions on Sephadex LH-20 (column 20 x 100 cm, 20 mL/min of methanol). The 
epothilones are contained in the fraction eluted at a retention time of 240-300 min in a total 
amount of 72 g. To separate the epothilones, the product is chromatographed in three 
portions on Lichrosorb RP-18 (15 pm, column 10 x 40 cm, solvent 180 mL/min 
methanol/water 65:35). After the epothilone A and B, epothilone C and epothilone D are 
eluted at R, = 90-95 min and 100-110 min, respectively. After evaporation in vacuum, each 
is obtained in a yield of 0.3 g as colorless oils. 

D. Physical properties 




epothilone C 
epothilone D 



R - H 
R-CHj 



Epothilone C 
CmH^NO^ [477] 

ESI-MS: (positive ions): 478.5 for [M+HT 
l H and U C see NMR Table. 
TLC: Rf-0.82 

TLC: aluminum foil 60 F 254 Merck, solvent dichloromethane/methanol - 9:1 
Detection: UV absorption at 254 nm. Spraying with vaiimuvsulturie acid r« 

gray coloration upon heating to 120°C. 
HPLC: R, « 11.5 min * 
Colu& . Nucleosil 100 C-lfc7 /*m, 125 x 4 mm 

♦ 

Solvent: methanol/water • 65:35 
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Flow rate: I mL/min 
Detection: diode array 

Epothilone D 
CH^NOjS [491] 

ESI-MS: (positive ions): 492.5 for [M+HJ+ 
l H and lJ C, see NMR Table 
TLC: Rf = 0.82 

TLC: aluminum foil 60 F '254 Merck, solvent: dichloromethane/methanol = 9: 1 
Detection: UV absorption at 254 tun. Spraying with vanillin-sulfuric acid reagent, blue 

gray coloration upon heating to 120°C. 
HPLC: R, = 15.3 min 

Column: Nucleosil 100 C-18 7 pm, 125 x 4 mm 
Solvent: methanol/water = 65:35 
Flow rate: 1 mL/min 
Detection: diode array 



Table I: l H and "C-NMR data of epothilone C and epothilone D in [D« DMSO at 300 MHz 





Ipothilon C 






Spothilon 0 




H-Atotn 


5 


C*Atom 


N 




C-Atcm 


ft 




(pptt) 




(ppm) 


(ppm) 




(ppm) 






1 


170.3 

■ 


• 


1 


170.1 


2-H. 


2.31 


2 


31.4 


2.35 


a 


39.0 


2-Hb 


2.50 


3 


71.2 


2.33 


3 


70.. 


i-K 


3.9? 




53.1 


4.10 


4 


53.2 


3 -OH 


5.12 




317.1 


3.00 


5 


217.4 


5-H 


3 .07 

* 


6 

• 


45.4 


3.11 




44.4 


7-K 


2.4* 




78.5 


3.40 


7 


78.5 


7-OH 


4. 41 


0 


35.4 


4.44 


4 


30.3 


e-K 


1.34 


5 


27.6 


1.29 


9 


29.9 




1.15 


. 10 


30.0 


1.14 


10 


25.9 


JrHb 


1.40 


u 


27.0 


1.38 


11. 


31.8* 


10-H4 


1.15* 


12 


124.0 


1.14* 


12 


190.3 


ao-Hb 


1.3S* 


13 


133.1 


1.35* 


13 


120.3 


il-H» 


1.90 


14 


31.1 

9 


1.75 


14 


31.0* 




2. It 


15 


70.3 


2.10 


15 


70.0 




• •31" 




137.3 




IS 


137.2 


13 -H 


e 4 A * a 


17 


113.1 


5.03 


17 


119.3 


14 -Ho. 




*• 


152.1 


2.30 


19 


152.1 


14 -IBS 






117.7 


2.05 


19 


127.7 

4 


11 -K 


a ■ a § 


30 

•** . 


104.2 


5 #29 




164 . 3 


17-R 






15.8 


6.51 


ai 


16.9 


15-R 


7.35 

» ■> OW^ ^8^ 


22 


20.5 


7.35 


32 


19.7 


ai-ftj 


2.53 


ss 


32.0 


2.05 


33 


22.5 


22 -Hi 


0.94 


24 


10.7 


0 .90 


Z4 


19 . * 


23 -H, 




25 


11.4 


1.19 


35 


16.4 


24-H, 


1.0C 


27 


14.2 


1.07 


36 


22.9 


23-K., 


0.90 


i 




0.91 


37 


14.1 


26-R> 




* 




1.03 






37-K, 


2.10 






2.11 


m 





*, ** Assignment interchangeable 
Example 2: 

Epothilone A and 12,13-blsepi-epothflone A from epothilone C 

Epothilone A, 50 ir^is dissolved in 1.5 mL acetone and 1.5 mL of a 0.07 molar solution 

dimethyldioxiran I . :>ue ii \d. After standi^ for 6 hours at room temperature, the 
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mixture is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: 
methyl-tert. -butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg of epothilone A, Rt = 3.5 min (analytical HPLC, 7 fiux, column 4 x 250 mm, solvent 
see above, flow rate 1.5 mL/min) 

and 

20 mg of 12,13-bisepi-epothilone A, Rt = 3.7 min, ESI-MS (positive ions) 

m/z - 494 (M+HT 
'H-NMR in (DJ methanol, selected sig- 
nals: delta - 4.32 (3-H), }.79 (7-H), 
3.06 (12-H), 3. 16 (13-H), 5.54 (15-H), 
6.69 (17-H), 1.20 (22-H), 1.45 (23-H). 




12,13-bisepi-epothilone A R = H 

Example 3: 

Epothilone E and F, new biotransformation products of epothilones A and B 
Production strain: 

The production strain, Sorangium celhdosum So ce90, was isolated from a soil sample 
collected in July 1985 at the at the banks of the Zambesi and was deposited on 
10/28/91 in the Deutsche San ' * * rur * oorganismen [German Collection for Microor- 

■ 

ganisms] under No. DSM 677U 

■ 
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The characterization of the producing organism as well as the culturing conditions are 
described in: 

H6fle, G.; N. Bedorf, K. Gerth & H. Reichenbach: Epothilones, their methods of prepara- 
tion as well as agents containing them. DE 41 38 042 Al, laid open on May 27, 1993. 

Formation of epothilones E and E during fermentation: [probably should be epothilones A 
and E - Translator] 

A typical fennentation runs as follows: a 100 L bioreactor is filled with 60 L medium (0.8% 
starch; 0.2% glucose; 0.2% soy meal; 0.2% yeast extract; 0.1% CaCl,-2H,0; 0.1% 
MgSOy7HjO; 8 mg/L of Fe-EDTA; pH 7.4). In addition, 2% adsorber resin (XAD- 16, 
Rohm & Haas) was added. The medium is sterilized by autoclaving (2 hours, 120°C). 
Inoculation is done with 10 L of a preculture raised in a shaking flask in the same medium 
(in addition: 50 mM HEPES buffer pH 7.4) (160 rpm, 30°Q. The fermentation is carried 
out at 32*C at a stirrer velocity of 500 rpm and aeration with 0.2 NL per m 3 and hour. The 
pH value is kept at 7.4 by the addition of KOH. The fennentation takes 7 to 10 days. The 
formed epothilones are bound to the adsorber resin continuously during the fermentation. 
After separation of the culture broth (for example, by sieving in a process filter) the resin is 
washed with 3 bed volumes of water and eluted with 4 bed volumes c 



, bed volumes of methanol, 
methanol. 



HPLC analysis of the XAD eluate: 

With respect to the initial volume of the reactor (70 L), the eluate is concentrated 100: 1. 
The analysis is carried out with an HPLC unit 1090 made by Hewlett Packard. A Microbor 
column (125/2 Nucleosil 120-5 C t J made by Machery-Nagel (Dttren) is used for separating 
the components. The elution is done with a water/acetonitrile gradient from initially 75:25 t 
50:50 after 5.5 minutes. This ratio is then maintained till the 7th minute and then increased 
to 100% acetonitriie up to the 10th minute. 

The measurement is carried out at a wavelength of 250 nm and with a band width of 4 nm. 
The diode array spectra are measured in the wavelength region from 200 to 400 nm. In the 
XAD eluate, two new substances are noticed with R, of 5.29 and R, of 5.91; the adsorption 
spectra of these are identical to those of epothilones A and B, respectively (Eignjii; e 
corresponds to A, F conesponds to B). : subs*v > are formed only in traces under 
the given fermentation conditions. 
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Biotransformation of epothilone A and B to epothilone E and F: 
For the directed biotransformation, a 4-day old culture of So ce90, 500 mL, is used, kept 
with adsorber resin. Of this, 250 tnL is introduced into a sterile 1 L Erlenmeyer flask 
leaving the XAD behind. After that, a raethanolic solution of a mixture of a total of 36 mg 
of epothilone A and 14 mg of epothilone B is added and the flask is incubated for two days 
at 30°C and 200 rpm on a shaking chest [literal]. The formation of epothilone E and F is 
analyzed directly on 10 fiL of the centrifuged culture supernatant (Figure 2). The conversion 
occurs only in the presence of the cells and is dependent on the cell density used and on the 
time. The kinetics of conversion for epothilone A is shown in Figure 3. 

■ 

Isolation of epothilone E and F 

To isolate epothilone E and F, the s haking flask batches from the biotransformation (see 
above) are combined and are shaken for 1 hour with 20 mL of XAD- 16. The XAD is 
recovered by sieving and is eluted with 200 mL of methanol. The eluate is evaporated in 
vacuum to 1.7 g crude extract. This is then partitioned between 30 mL of ethyl acetate and 
100 mL of water. Upon evaporation in vacuum, 330 mg of an oily residue is obtained from 
the ethyl acetate phase. This is chromatographed in five runs through a 250 x 20 mm RP-18 
col umn (solvent: methanol/water 58:42, detection 254 run). 

Yield: Epothilone E 50 mg 



F 



10 mg 



Biological effect of epothilone E: 

Using cell cultures, the concentration which reduces growth by 50% (IC») was determined, 
and the results were compared with the values for epothilone A. 



cell line 



epothilone E 



epothilone A 



HeLa. KB-3.1 (human) 
mouse fibroblasts, L929 



5 

20 



1 
4 
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Epothilone E 
C^Hj^HCS [509] 

ESI-MS: (positive ions): 510.3 for [M+H] + 
TLC: Rf = 0.58 

TLC: aluminum foil 60 F 254 Merck. Solvent: dichloromethane/methanol = 9: 1 
Detection: UV absorption at 254 nm. Spraying with vanillin-sulfiiric acid reagent; blue- 
gray coloration upon heating to 120°C 

HPLC: Rt = 5.0 min 

Column: Nucleosil 100 C-18 7 pm, 250 x 4 mm 
Solvent: methanol/water = 60:40 
Flow rate: 1.2 mL/min 
Detection: diode array 

i 

iH-NMR (300 MHz.,: CDCI3) s eUlC* - 2.38 (2-H s ) , 2.51 (2-Hb>, 4.17 
<3-K>, 3.1» <6-h|>, 3.74 (7-H> , 1.30 - 1.70 (8-H, 10-Ka» 
11-H 2 >, 2.88 (12'rK). 3.00 (13-H), 1.88 (14-H a > , 2.07 (14-Hb) , 
5.40 (1S-H), 8.57 (17-H), 7.08 (19-H) , 4.88 (21-Kj) , 1.05 (22- 
H 3 ) , 1.32 (23-H 3 ), 1.17 (24-«3)i 0.97 (25-K3) , 3. 04 (27-K 3 ) 

Epothilone F 
CH^NOtS [523] 

ESI-MS: (positive ions): 524.5 for [M+H]+ 
TLC: Rf-0.58 

TLC: aluminum foil 60 F 254 Merck. Solvent: dichloromethane/methanol = 9:1 
Detection: UV absorption at 254 nm. Spraying with vanillin-sulfuric acid reagent; blue- 
gray coloration upon heating to 120°C 

HPLC: 1^-5.4111111 

Column: Nucleosil 100 C-18 7 11m, 250 x 4 mm 

♦ 

Solvent: methanol/water » 60:40 
Flow rate: 1.2 mL/min 
Detection: diode array 
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l H-KMR (300 WH t , CDCI3) : delta - 2.37 (2-H a ) , 2.52 , 4.20 

(3-H), 3.27 (€-»), 3.74 (7-H) , 1.30 - 1.70 (8-H, 9-H 2 , 10-H 2 , 
11-H 2 ), 2-78 C13-H), 1.91 (14-H) , 2.06 (14-Hb) , 5.42 (1S-H) . 
6 .58 (17-H), 7. 10 (19-H), 4.89 tfl-H 2 ) . 1.05 (22-H 3 ) , 1.26 123- 
H 3 ), 1.14 (24-K 3 ), 0.98 (25-H 3 ), 1.35 (26-H 3 ) , 2.06 (27-H 3 ) . 



Example 4: 

Preparation of epothilone E and F by biotransformation with Sorangium ceUulosum So 
ce90 

1) Carrying out the biotransformation 

A culture of Sorangium ceUulosum So ce90, which was shaken for four days in the presence 
of 2% XAD 16 adsorber resin (Rohm und Haas. Frankfurt/M.) at 30°C and 160 rpm, was 
used for the biotransformation. The culture medium has the following composition in g/liter 
of distilled water: potato starch (Maizena), 8; glucose (Maizena) 8; defatted soy meal, 2; 
yeast extract (marcor), 2; ethylenediaminetetraacetic acid, iron(III> sodium salt, 0.008; 
MgS0 4 -7H,0, 1; CaCl,-2H,0, 1; HEPES 11.5. The pH value is adjusted to 7.4 with KOH 
before autoclaving. The XAD is separated from the culture by sieving through a stainless 
steel screen (mesh size 200 pm). The bacteria are sedimented by centrifuging for 10 minutes 
at 10,000 rpm and the pellet was resuspended in 1/5 of the culture supernatant. Now, • 
epothilone A or epothilone B in methanolic solution is added to the concentrated bacterial 
suspension at a concentration of 0.5 g/L. The culture is cultured further as described above. 
For the analysis of biotransformation, at the desired times, a 1 mL sample is taken, to which 
0. 1 mL of XAD is added and then the sample is shaken for 30 minutes at 30°C. The XAD 
is eluted with methanol. The eluate is evaporated to dryness and taken up again in 0.2 mL 
of methanol. This sample was analyzed by HPLC. 

Figure 4) Kinetics of the biotransformation of epothilone A to epothilone E 
Figure 51 Kinetics of the biotransformation of epothilone B to epothilone F 
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2) Preparation of epothilone E by biotransformation of 1 g of epothilone A 

» 

The strain Sorangium cellulosum So ce90 is cultured for four days in 8.5 L of the above 
medium (but without the addition of XAD) in a 10 liter bioreactor at 30°C at a rate of 
rotation of 150 rpm and with aeration of 0. 1 wm. 

Then the culture is concentrated to 3 L by cross flow filtration. A membrane with a pore 
size of 0.3 urn and an area of 0.6 m 2 was used for this purpose. 

The concentrated culture is transferred into a 4 liter bioreactor and a methanolic solution of 1 
g of epothilone A in 10 mL of methanol is added. Then the culture is cultured further over a 
period of 21.5 h. The temperature is 32° C, the stirrer rotation rate 455 rpm and the aeration 
is done at a rate of 6 L/min. At the time of harvesting, 100 mL of XAD is added and the 
mixture is incubated further for I hour. The XAD is separated from the cells with a screen 
and then eluted exhaustively with methanol. The concentrated eluate is analyzed by HPLC. 

Balancing of the biotransformation: 

epothilone A used: 1000 mg = 100% 

epothilone A found after 21.5 h: 53.7 mg ■ 5.4% 

epothilone E formed after 21.5 h: 661.4 mg « 66.1% 

epothilone A completely degraded: =* 28.5 % 

Experiment S: 

The epothilones according to the invention are tested with ceil cultures (Table 2) and for 
promoting polymerization (Table 3). 
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Table 2: 



Epodtfkue test with cdl 



epochiione 


A 


B 


c 


D 


E 


F 




493 


507 


477 


491 


509 


523 








IC-50 Ing/mLl 






mouse fibroblasts L 929 


4 


I 


100 


20 


20 


i.5 


humin tumor cell lines: 


• 












HL-60 (leukemia) 


0.2 


0.2 


10 


3 


1 


0.3 


K-562 (leukemia) 


0.3 


0.3 


20 


10 


2 


0.5 


U-937 (lymphoma) 


0.2 


02 


10 


3 


1 


0.2 


KB-3.1 (cecvicai cancer) 


i - 


0.5 


20 


12 


5 


0.5 


KB- VI (cervical cancer muttires) 


0.3 


0.3 


15 


3 


5 


0.6 


A-498 (kidney cancer) 




1.5 


150 


20 


20 


3 


A-549 (lung cancer) 


0.7 


0.1 


30 


10 


3 


0.1 



Ta Me 3: Poly trtnrtw test wtt 

Ptmncter time to the half -maximum potymcrizitioa of tfas coatroi 




Standard test with 0.9 mg of tubuIin/mL and 1 /iM of sample concentration 
The polymerization test is an in-vitro test with purified tubulin from pig brain. The 
evaluation is done photometrically. Polymerization-promoting substances, such as epothi- 
lones, shorten the time elapsed till the half-maximum polymerization, that is, the shorter t 
time, the more effective the compound, w, x, y and z are four independent experiments i 
the relative effectiveness is expressed in the last column in % of the control; again, the 
lowest values show the best effectiveness. Thus, the list corresponds quite accurately to t 
found in the cell cultures. 
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Our reference: 8824 

New International Patent Application PCT/EP 
Gesellschaft fur Biotechnologische Forschung mbH (GBR 

Patent Claims 

1 . Epothilones, obtainable by the fact that 

(a) Sorangiwn cellulosum DSM 6773 is cultured in the presence of an adsorber resin in 
the known manner, 

(b) the adsorber resin is separated from the culture and is washed with a water/methanol 

» 

mixture, 

(c) the washed absorber resin is eluted with methanol and the eluate evaporated to a 

■ 

crude extract, . . 

(d) the obtained concentrate is extracted with ethyl acetate, the extract is evaporated and 

partitioned between methanol and hexane, 

(e) the methanolic phase is evaporated to a raffinate and the concentrate is fractionated on 

a Sephadex column, 

(f) a fraction with metabolic products of the microorganism used is recovered, 

(g) the recovered fraction is chromatographed on a C18-reverse-phase, with a metha- 
nol/water mixture and it is recovered in the time sequence 

- after a first fraction with epothilone A and 

- a second fraction with epothione [sic] B 

- a third fraction with a first additional epothilone and 

. a fourth fraction with a second additional epothilone and 
(hi) the epothilone of the first additional fraction and/or 
(h2) the epothilone of the second additional fraction is isolated. 

2. Epothilone having the molecular formula (WJOjS, characterized by the 'H and 
"C-NMR spectrum according to Table I. 



IS 



3. Epothilone C having the formula: 



R 




epothilone C R = H 

4. Epothilone is the molecular formula C^H^NOjS, characterized by the 'H and 13 C- 
NMR spectrum according to Table 1. 

5. Epothilone D having the formula: 




epothilone D R =* CH, 

6. Biotransformant of epothilone A 9 obtainable by the fact that 

(a) Sorangium celhdosum DSM 6773 is cultured in the presence of an adsorber resin in 
the known manner, is separated from the adsorber resin and optionally the total 
amount or a pan of the separated culture is treated with a methanolic solution of 
epothilone A f 
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(b) the culture to which epothilone A was added is incubated and then an adsorber resin 
is added, 

(c) the adsorber resin is separated from the culture, eiuted with methanol and the eluate is 
evaporated to a crude extract, 

(d) the crude extract is partitioned between ethyl acetate and water, the ethyl acetate 
phase is separated and evaporated to an oil, 

(e) the oil is chromatographed on a reverse-phase under the following conditions: 
column material: Nucleosil 100 C-18 7^m 

column dimension: 250 x 16 mm 

solvent: methanol/water = 60:40 

flow rate: 10 mL/min 

and fractions which contain a biotransformant, which can be detected by UV absorption at 
254 nm, having an R< value of 20 minutes, are separated and the biotransformant isolated. 

7. Biotransformant of epothilone A according to Claim 6, obtainable by separating in 
step (a) a culture which is three or four or more days old. 

8. Biotransformant of epothilone A according to Claim 6 or 7, obtained by incubating 
the mixture in step (b) for one or two or more days. 

9. Compound having molecular formula (^H^NOrS, characterized by the following 
'H-NMR spectrum (300 MHz, CDC1,): delta = 2.38 (2-HJ, 2.51 (2-H^, 4.17 (3-H), 3.19 
(6-H), 3.74 (7-H), 1.30-1.70 (8-H, 9-H a , 10-H„ 11-H,), 2.89 (12-H), 3.00 (13-H), 1.88 (14- 
HJ, 2.07 (14-HJ, 5.40 (15-H), 6.57 (17-H), 7.08 (19-H), 4.85 (21-H,), 1.05 (22-H,), 1.32 
(23-H,), 1.17 (24-Hj), 0.97 (25-HO, 2.04 (27-H,). 
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10. Compound (epothiione E) having the formula: 



HOCH 




O OH 0 



epothiione E R = H 

* 

1 1 . Bio trans fonnant of epothiione B, obtainable by the fact that 

(a) Sorangium cellulosum DSM 6773 is cultured in the presence of an adsorber resin in 
the known manner, separated from the adsorber resin and optionally a methanolic 
solution of epothiione B is added to the total amount or to a part of the separated 
culture, 

(b) the culture to which the epothiione B was added is incubated and then adsorber resin 
is added, 

(c) the adsorber resin is separated from the culture, eluted with methanol and the eluate is 
evaporated to a crude extract, 

(d) the crude extract is partitioned between ethyl acetate and water, the ethyl acetate 
phase is separated and evaporated to an oil, 

(e) the oil is chromatographed on a reverse-phase under the following conditions: 
column material: Nucleosil 100 C- 18 7pm 

column dimension: 250 x 16 mm 

■ 

solvent: methanol/ water =■ 60:40 
flow rate: 10 mL/min 

and fractions with a biotransformant content, which can be detected by UV absorption at 254 
run, with an R, value of 24.5 minute, are separated and the biotransformant isolated. 

12. ' ^ ^nsfoiv ^according to Claim 11, obtainable by separating a culture in step (a), 
which tliy.ee or Tour or moiCLdays old. 
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13. Biotrarisformant according to Claim 11 or 12, obtainable by incubating the mixture at 
step (b) for one or two or more days. 

14. Compound having the molecular formula CjtH^NOtS, characterized by the follow- 
ing ^-NMR spectrum (300 MHz, CDC1,): delta ■ 2.37 (2-HJ, 2.52 (2-H*), 4.20 (3-H), 
3.27 (6-H), 3.74 (7-H), 1.30-1.70 (8-H, 9-H„ 10-H,, 11-H,), 2.78 (13-H), 1.91 (14-H). 
2.06 (14-HJ, 5.42 (15-H), 6.58 (17-H), 7.10 (19-H), 4.89 (21-H,), 1.05 (22-H,). 1.26 (23- 
H,), 1.14 (24-HO, 0.98 (25-H s ), 1.35 (26-H,), 2.06 (27-H s ). 

15. Compound (epothilone F) having the formula: 



HOCHj 



-<xa 




epothilone F R = CH S 

16. Agent for plant protection in agriculture and forestry and/or gardening, consisting of 
one or several compounds according to one of the previous claims, or of one or several of 
these compounds in addition to one or several of the usual carrier(s) and/or diluent(s). 



17. Therapeutic agent, especially for use as a cytostatic agent, consisting 
of the compounds according to one or several of the previous Claims, or of 
the previous compounds according to one or several of the previous Claims 
or several of the usual carrierfs) and/or diluents). 
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Figure 1. HPLC analysis of an XAD eluate at the end of a fermentation 
Epothilon =» Epothilooe 




Figure 2. Enrichment of epothilooe E and F In a fermentation broth after feeding a mixture of epothilone 
A and B, analyzed after 48 hour of incub a ti o n 

Epothilon ■ Epothilone 
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Figure 3. Kinetics of biotransformation of epothilone A to epothilone E by Sorangium ccllulosum So ce90 
Key: 

Epothilon « Epothilone 

on top: biotransformation of epothilone A 

ordinate: epothilone [mg/L] 

abscissa: incubation time [hours] 




InkubationszsH [Stunden] 
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Figure 4 

Key: 

on top: biotransformation of epothiione A to epothilone E 
inside the Figure: total epothilone 

epothilone A 

epothilone E 

ordinate: cpothilones [%} 
abscissa: incubation time [h] 




i i 1 i i i 

0 10 20 30 40 SB 

Inkuba&oftszeit {h| 
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Figure 5 

Key: 

on cop: biotransformation of epothilone B to epothilone E [corrected to F] 
inside the Figure: tool epothilone 

epothilone B 

epothilone F 

ordinate: epothilones [%] 
abscissa: incubation time [h] 



120 




■ villi 

a 10 20 30 40 so 

InfaibatlorezcMlhl 
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Abstract 



Our reference: 8824-GBF 

New International Patent Application PCT/EP 

based on DE (1) 96 47 580.5 and DE (1) 97 07 506.1 

nesellschaft fn> Btotee hnnlogische Forsehung mbH (GBF) 



Epothilones C, D, E and F, preparation and agents 

The present invention concerns epothilones C, D, E and F, their preparation as well as their 
application for the preparation of therapeutic agents and agents for plant protection 



.■> . .. 
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DE 97 07 506. 1 

Epothilone E and F 
Production strain: 

The production strain Sorangium cellulosum So ce90 was isolated in July 1985 at GBF from 
a soil sample from the banks of the Zambesi and deposited on 10/28/91 at the Deutsche 
S annulling fur Mikroorganismen [German Collection for Microorganisms] under No. DSM 

mi- 

The characterization of the producing organisms and the culturing conditions are described 
in: Hdfle, G.; N. Bedorf, K. Gerth & H. Reichenbach: Epothilones, their preparation as 
well as agents containing them, DE 41 38042 Al, laid open on May 27, 1993. 

Formation of epothilones E and E [sic] during fermentation: 

Epothilone E and F, new biotransformation products of epothilones A and B 

Production strain: 

The production strain, Sorangium cellulosum So ce90, was isolated from a soil sample 
collected in July 1985 at the GBF at the banks of the Zambesi and was deposited on 
10/28/91 in the Deutsche Sammlung fur Mikroorganismen [German Collection for Microor- 
ganisms] under No. DSM 6773. 

The characterization of the producing organism as well as the culturing conditions are 
described in: 

Hofle, G.; N. Bedorf, K. Gerth & H. Reichenbach: Epothilones, their methods of prepara- 
tion as well as agents containing them. DE 41 38 042 Al, laid open on May 27, 1993. 

« 

Formation of epothilones E and E [sk] during fermentation: 

A typical fermentation runs as follows: a 100 L bioreactor is filled with 60 L medium (0.8% 
starch; 0.2% glucose; 0.2% soy meal; 0.2% yeast extract; 0.1% CaCV2H,0; 0.1% 
MgS0 4 -7H 2 0; 8 mg/L of Fe-EDTA; pH 7.4). In addition, 2% adsorber resin (XAD-16, 
Rohm- Haas) was added. The medium is sterilized by autoclaving (2 hours, 120°Q. 
Inoculation is done with 10 L of a preculture raised in a shaking flask in the same medium 
(in addition: 50 mM HEPES buffer pH 7.4) (160 rpm, 30*Q. The fermentation is carried 
out at 32°C at a stirrer velocity of 500 rpm and aeration with 0.2 NL per nf and hour. The 
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pH value is kept at 7.4 by the addition of KOH. The fermentation takes 7 to 10 days. The 
formed epothilones are bound to the adsorber resin continuously during the fermentation. 
After separation of the culture broth (for example, by sieving in a process filter) the resin is 
washed with 3 bed volumes of water and eluted with 4 bed volumes of methanol. The eluate 
is evaporated to dryness and is taken up in 700 mL of methanol. 

HPLC analysis of the XAD eluate: 

With respect to the initial volume of the reactor (70 L), the eluate is concentrated 100:1. 
The analysis is carried out with an HPLC unit 1090 made by Hewlett Packard. A Microbore 
column (125/2 Nucleosil 120-5 C l8 ) made by Machery-Nagel (DQren) is used for separating 
the components. The elutibn is done with a water/acetonitrile gradient from initially 75:25 to 
50:50 after 5.5 minutes. This ratio is then maintained till the 7th minute and then increased 
to 100% acetonitrile up to the 10th minute. 

♦ 

The measurement is carried out at a wavelength of 250 nm and with a band width of 4 nm. 
The diode array spectra are measured in the wavelength region from 200 to 400 nm. In the 
XAD eluate, two new substances are noticed with R» of 5.29 and R« of 5.91; the adsorption 
spectra of these are identical to those of epothilones A and B, respectively (Figure 1; e 
corresponds to A, F corresponds to B). These substances are formed only in traces under 
the given fermentation conditions. 

Biotransformation of epothilone A and B to epothilone E and F: 
For the directed biotransformation, a 4-day old culture of So ce90, 500 mL, is used, kept 
with adsorber resin. Of this, 250 mL is introduced into a sterile 1 L Erlenmeyer flask 
leaving the XAD behind. After that, a methanolic solution of a mixture of a total of 50 mg 
of epothilone A + B is added and the flask is [incubated] for two days at 30°C and 200 
rpm on a s haking chest [literal]. The formation of epothilone E and F is analyzed directly or 
10 iiL of the centrifuged culture supernatant (Figure 2). The conversion occurs only in the 
presence of ' the cells and is dependent on the cell density used and on the time. The kinetics 
of conversion for epothilone A is shown in Figure 3. 

Isolation of epothilone E and F 

. To isolate epothilc:*. E and F, the shaking flask batches from the biotransformation (see 
above) are combined and are shaken for 1 hour with 20 mL of XAD-16. The XAD is 
recovered by sieving and is eluted with 200 mL of methanol. The eluate is evaporated in 
vacuum to 1.7 g crude extract. This is then partitioned between 30 mL of ethyl acetate and 
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100 mL of water. Upon evaporation in vacuum, 330 rag of an oily residue is obtained from 
the ethyl acetate phase. This is chromatographed in five runs through a 250 x 20 mm RP- 18 
column (solvent: methanol/water 58:42, detection 254 am). 

Yield: Epothilone E 50 mg 

F 10 mg 



Biological effect of epothilone E: 

Using cell cultures, the concentration which reduces growth by 50% (IC„) was determined, 
and the results were compared with the values for epothilone A. 

sfilLJios ICm (ng/mL) 

epothilone B epothilone A 

HeLa. KB-3.1 (human) 5 1 

mouse fibroblasts, L929 20 4 



HOCH 




Epothllon 6 R » H 
SpothBonP R-CH, 
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Epothilone E 
C*H»HO£ [509] 

ESI-MS: (positive ions): 510.3 for [M+H]+ 
TLC: Rf = 0.58 

TLC: aluminum foil 60 F 254 Merck. Solvent: dichloromethane/methanol = 9: 1 
Detection; UV absorption at 254 nm. Spraying with vanillin-sulfuric acid reagent; blue- 
gray coloration upon heating to 120°C 

HPLC: R, = 5.0 min 

Column: Nucleosil 100 C-18 7 /*m, 250 x 4 mm 
Solvent: methanol/water ■ 60:40 
Flow rate: 1.2 mL/min 
Detection: diode array 

'H-NMR (300 MHz, CDC1,): 6 - 2J8 (2-HJ. 2J1 4.17 (3-H) f 3.19 (6-H), 

3.74 (7.HX U0 - 1.70 (Mi 9-H,, 10-H„ 11-H& 2.89 (12.H). 3.00 (13-H), 1 .88 (14*1U 2.07 
04*n3. 3.40 (1S.H), «J7 (17-W). 7.08 (19-H), 4.85 (21-H,), 1.05(22-1*,). 1.32(23-11,). 1.17 
(2^Hj)# 0.97 C23-HJ, 2-04 (274T,) 

Epothilone F 
CnH^NQ^ [523] 

ESI-MS: (positive ions): 524.5 for [M+HT 
TLC: Rf = 0.58 

TLC: aluminum foil 60 F 254 Merck. Solvent: dichloromethane/methanol = 9: 1 
Detection: . UV absorption at 254 nm. Spraying with vanillin-sulfuric acid reagent; blue- 
gray coloration upon heating to 120°C 

HPLC: R,«5.4min 

Column: Nucleosil 100 C-18 7 pm, 250 x 4 mm 
Solvent: methanol/water ■ 60:40 
Row rate: 1.2 mL/min 
Detection: diode array 

•H-NS^ -MO Mt^DCJ,): d»2.37(2-H,). 2.32 (2-HJ, 4.20 (3-H), 3.27(6.10, 3 74 
(7-H), iio.|.70(h»H t 94tlO.U J .U-H»), 2.7803-H). 1.91 C14-H,), 2.06(I4-H k ). 
5.42(1541), 6.58(17-HX 7.10 (19-H). 4.89 (21-H,). 1.05(22^,). I.26(23.Hj), 1.14 
(24-H,). 0.98 (25.fi,). 1.35 (26-K,X 2.05(27-TU 
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EpethfenF R»CH, 
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Figure 1. 



PLC analysis of an XAD eluate at the end of a fermentation 
Epothilone 
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Figure 2. Enrichment of epothilone E and F in a fermentation broth after feeding a mixture of epothilone 
A and B, analyzed after 48 hour of '»"— »?«tiftn 
Epochilon - Epothilone 
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Figure 3. Kinetics of biotransformation of epothiione A to epothilone E by Sorangium eeUulosum So ce90 
Key: 

Epothilon « Epothilone 

on top: biotransformation of epothilone A 

ordinate: epothilone [mg/L] 

abscissa: incubation time [hours] 




« i i i i i 

O 10 20 30 40 SO 

Inkubatfanszeft [Stundan] 



* 

36 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



